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T-banding: A technique for flow reduction
of a hyperfunctioning arteriovenous fistula
Claus G. Schneider, MD,a Karim A. Gawad, MD,a Tim Strate, MD,a Benjamin Pfalzer, MD,b
and Jakob R. Izbicki, MD,a Hamburg, Germany
A common procedure for hyperfunctioning arteriovenous fistulas is banding, baring the potential for complications such
as pre- and poststenotic dilatations and recurrence of high flow caused by slipping of the band itself. We describe a
new technique that ensures proper fixation of the graft to prevent anastomotic aneurysms and enlarge the length of
stenosis of the shunt vein in order to amplify the effect of flow reduction. This technique was used in 22 patients, with
amean flow reduction of about 50%. The procedure was effective and safe at 1 to 3months follow-up. (J Vasc Surg 2006;
43:402-5.)Hyperfunctioning fistulas are rare complications in he-
modialysis access. They may become clinically apparent by
either a steal syndromewith reduced perfusion of the depend-
ing limb, cardiac insufficiency caused by high shunt volume,
or both. In both cases, therapy has two goals: resolve the
symptoms and keep the fistula running for hemodialysis.
Different techniques, ranging from simply narrowing the
shunt vein with a thread to extensive bypass procedures,
have been described.1-3
The most commonly applied procedure is banding of
the shunt vein with prosthetic graft segments. The main
problems of this procedure, namely the development of
pre- and poststenotic dilatations and recurrence of high
flow, are caused by slipping of the prosthetic graft seg-
ment.3,4 We describe a novel technique to prevent those
pitfalls.
METHOD AND PATIENTS
Method. The anastomosis and 3 to 4 cm of the shunt
vein are dissected and armed with vessel loops. The diam-
eter of the arterial inflow and arterial outflow is measured. A
60-mm-long, 8-mm thin-wall expanded polytetrafluoro-
ethylene graft is used to prepare the patch for T-banding,
according to Fig 1. Afterwards, the patch is positioned in
situ and closed with a running suture on both sides, form-
From the Department of General, Thoracic- and Visceral Surgery,a and the
Department of Nephrology,b University Medical Center Hamburg-
Eppendorf.
Competition of interest: none.
Reprint requests: Claus G. Schneider, MD, Clinic for General, Thoracic and
Visceral Surgery, University Medical Center Hamburg-Eppendorf, Martin-
istraße 52, D-20246 Hamburg (e-mail: cschneid@uke.uni-hamburg.de).
0741-5214/$32.00
Copyright © 2006 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2005.11.047
402ing a T-band. While suturing, arterial inflow is clamped to
reduce the pressure. The intraoperative situation before
and after T-banding is demonstrated in Fig 2. The result is
shown in Fig 3.
Fistula flow was measured in all patients by using color-
enhanced duplex ultrasound scans. Flow was measured in
the brachial artery at the distal upper arm and reported
without correction for forearm and hand perfusion. Time
points were 1 day to several weeks before operation and 1 to
3 months after T-banding.
Heart insufficiency caused by a hyperfunctioning fistula
was diagnosed when fistula flow was 1000 mL/min and
dyspnea, or dyspnea under exercise, was present and im-
proved after shunt vein compression. A steal phenomenon
was diagnosed when pain in the hand or forearm and pain
during exercise or on dialysis occurred and improved on
shunt vein compression or at the end of hemodialysis.
Relief of symptoms is defined if the patient did not
suffer from dyspnea, dyspnea under exercise, or pain in the
hand or forearm during dialysis or exercise. An improved
situation wasmentioned if the patient reported an improve-
ment of symptoms or relief of only one symptom. We
documented “relief of symptoms,” “improvement of symp-
tom or improvement or relief of only one symptom if two
were present,” and “no change.”
Patients. In a 4-year period from April 2000 to April
2004, we treated 22 patients with this novel technique. The
predominant indication was heart insufficiency in 20 pa-
tients (90%). Six patients (27%) presented with a steal
phenomenon, but in only two cases (9%) was an isolated
clinically relevant steal phenomenon of the hand the indi-
cation for surgery. All patients had native arteriovenous
fistulas. Table I reports the patients’ characteristics, with
localization of the fistulas and preoperative flow. The mean
operation time ( SD) was 96  23 minutes.
for implantation.
(A) and after T-banding (B).
fistula.RESULTS
In 18 patients, pre- and postoperative flow measures
were available (Table II). We were able to reduce the
median flow by 44% (range, 27% to 71%). The mean
long, 8-mm thin-wall expanded polytetrafluoroethylene
24-mm patch. B, After measuring the diameter of the
were calculated, with 3 as an estimation for . Half of
ce (resulting in a 6-mm diameter). Distances ,  and 
rawn on the patch to determine the shape of the T-band.
d is demonstrated. E, Once folded, the T-band is ready
Table I. Patient characteristics
Initials Sex Age Access site Symptoms
Flow before
banding
(mL/min)
A. F. M 68 Antecubital* HI & Steal 1.600
S. T. M 62 Upper arm† HI 2.300
A. G. G. F 45 Antecubital HI 2.100
D. G. M 56 Antecubital HI 3.200
S. T. F 63 Cimino‡ HI 1.800
G. H. F 71 Upper arm HI, Steal 1.600
A. S. M 59 Antecubital HI 2.300
N. T. G. M 68 Antecubital HI 2.100
T. Z. M 51 Upper arm Steal ND
U. K. F 49 Antecubital HI 2.500
B. D. M 66 Upper arm HI 1.300
S. D. M 58 Antecubital HI 1.800
D. O. M 67 Antecubital HI, Steal 1.600
E. K. M 74 Antecubital HI 2.300
E. N. M 65 Upper arm HI 2.100
A. E. M 68 Antecubital HI 2.200
R. G. M 73 Cimino HI 1.500
H. J. K. F 72 Upper arm HI, Steal 1.300
T. S. M 53 Antecubital HI 2.500
K. G. M 64 Upper arm HI 1.300
C. S. F 81 Antecubital Steal 1.800
W. S. M 67 Upper arm HI 1.600
HI, Heart insufficiency; ND, not done.
*Anastomosis was accomplished to the radial artery in the proximal half of
the forearm.
†Anastomosis was accomplished to the brachial artery at elbow-level.
‡Anastomosis was accomplished to the radial artery close to the wrist.Fig 1. Preparation of the patch for T-banding. A, A 60-mm-
graft segment is cut open longitudinally to form a 60-mm 
arterial inflow and arterial outflow the circumferences  and 
venous outflow circumference  was set to 9 mm by experien
were marked (little crosses) on the patch.C,Dotted lineswere d
D, After cutting along the dotted lines, the shape of the T-banFig 2. The enlarged anastomosis and dilated shunt vein beforeFig 3. T-band in situ covering the anastomosis of an upper arm
preoperative value ( SD) was 1956  482 mL/min, and
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months after the operation.
Sixteen patients had complete relief of symptoms (pri-
mary success, 72%); four patients were improved but
needed a second intervention to become asymptomatic
(90% secondary success). In one patient, heart insufficiency
was partially improved, but he refused a reoperation. One
patient with a steal phenomenon still experiences pain
during hemodialysis, with remaining flow as low as 800
mL/min (no reoperation).
T-banding was successful in 19 (95%) of 20 patients
with heart insufficiency and in five (83%) of six patients
with steal. Complications were hematoma in two pa-
tients and fistula thrombosis in another two patients,
which occurred 48 hours after T-banding. These pa-
Fig 4. Cross-section of the wrapped shunt vein within the patch
early after operation (A) and 1.5 years later (B).
Table II. Pre- and postoperative fistula flow and outcome
Initial
Flow before T-banding
(mL/min)
Flow 1-3 months after
T-banding (mL/min)
A. F. 1.600 900
S. T. 2.300 1.100
A. G. G. 2.100 600
D. G. 3.200 1.400
S. T. 1.800 ND
G. H. 1.600 700
A. S. 2.300 1.000
N. T. G. 2.100 1.200
T. Z. ND 800
U. K. 2.500 ND
B. D. 1.300 700
S. D. 1.800 900
D. O. 1.600 900
E. K. 2.300 1.400
E. N. 2.100 1.200
A. E. 2.200 800
R. G. 1.500 1.100
H. J. K. 1.300 800
T. S. 2.500 1.100
K. G. 1.300 ND
C. S. 1.800 1.000
W. S. 1.600 900
N 	 18 1956  482 983  228
Primary success, Relief of symptoms.
Mean  SD for flow measurements, and median for percent flow reductiontients underwent a successful reoperation by thrombec-tomy and a less tight suture immediately after diagnosis.
The vascular access continued to be used in all patients,
leading to a primary patency rate of 90% and a secondary
patency rate of 100% for the first 1 to 3 months.
Within the first postoperative months, a slight in-
crease in fistula flow was observed. This could be ex-
plained in Fig 4. When not exposed to arterial pressure, the
vessels’ walls diminished, resulting in a larger cross-section
area of the banded shunt vein.
DISCUSSION
Hyperfunctioning is a serious but uncommon compli-
cation of arteriovenous fistulas that are used for hemodial-
ysis access. It occurs in 1% to 8% of patients but results in
significant clinical problems,2,5-10 In such cases, an isch-
emic steal syndrome of the hand is more common than
heart insufficiency caused by volume overload.11-13 There-
fore, heart insufficiency is reported in 10% of cases in the
literature (Table III). Although the distal revascularization
and interval ligature (DRIL) procedure1 is exclusively used
for the treatment of steal syndrome, banding is used for
both steal syndrome and heart insufficiency.2-4,14-17
Prestenotic dilatation, dislocation, and positioning of
the banding close to the portion of the access that is
punctured have been clinical problems associated with
banding; therefore, a novel technique was devised and has
been evaluated in our institution. This technique of T-
banding allows manipulation of the fistula arterial inflow
and the proximal venous portion of the fistula as well as
proper fixation of the banding with one patch at one site.
Percent
reduction
Primary
success Complications Reoperation
44 Yes No
52 Yes Hematoma No
71 Yes Thrombosis Yes
56 No Yes
— Yes No
56 Yes No
56 No Yes
43 No No
— No No
— Yes No
46 Yes No
50 Yes Thrombosis Yes
44 Yes No
39 No Yes
43 No Yes
64 Yes No
27 Yes Hematoma No
39 Yes No
56 Yes No
— Yes No
44 Yes No
44 Yes No
44With the use of this technique, a beneficial effect on heart
; NR,
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Additionally, hemodialysis was continued in all circum-
stances for at least 1 to 3 months using the banded access.
Compared with published reports, this is the largest
series on patients with heart insufficiency (Table III),
and the reported relief of symptoms and flow reduction
of patients in this series at least equals that reported with
conventional banding. Furthermore, problems such as
prestenotic dilatation (among others) were prevented, at
least in the short-term. The same holds true in patients
experiencing steal, even though our series had a smaller
number of patients than others. Regardless, this tech-
nique is easy to apply and can be applied in case of both
steal and heart insufficiency.
CONCLUSION
T-banding achieves flow reduction by enlarging the length
of stenosis but without hampering the area of the fistula
being punctured for access, thereby augmenting the resistance
to flow. In addition, it avoids anastomotic aneurisms, with
the risk of subsequent thrombosis or development of ste-
nosis in the zone of transition from the banded vein. It also
prevents dislocation of the prosthetic graft segment, with
the risk of prestenotic dilatation. Compared with conven-
tional banding, however, the need to dissect the entire
anastomosis and a longer operation time are disadvantages.
Steal phenomena not caused by high shunt flow also cannot
be treated by any kind of banding. These instances can be
treated successfully by the DRIL procedure6 or other pro-
cedures.
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atients
(n)
Relief of
symptoms
Flow
reduction
Access patency
after 1 year
52 90% NR 83%
23 69% NR 100%
21 100% NR 94%
1 100% 42% 100%
7 100% NR 100%
1 100% NR NR
16 100% NR 38%
1 100% 62% 100%
1 100% 67% 100%
3 100% 72% 100%
1 100% 50% 100%
3 100% NR 100%
6 83% 45% 100% (1-3 mon)
20 95% 49% 100% (1-3 mon)
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